An amended description of Micrococcus luteus (Schroeter 1872) Cohn 1872, at present a broad-based species characterized primarily on negative charact eristics, is proposed on the basis of a taxonomic analysis of 30 strains. CCM 169 (= ATCC 4698) is designated a' s the neotype strain of M . luteus.
A large number of species of aerobic, catalase-positive, yellow-pigmented micrococci have been described, but their incomplete characterization has hindered their classification. Some of them are known as Micrococcus luteus, M. f l a w s , M. lysodeikticus, Sarcina lutea, and S. flava. At present only two of these are generally accepted: M. luteus and M. varians (13, 21) .
Although M. luteus is the type species of the genus Micrococcus, it is not sufficiently defined. At present it is a broad-based species characterized almost solely on negative characters (3, 19) . The purpose of this paper is t o give an amended characterization of M. luteus.
MATERIALS AND METHODS
Bacterial strains. Thirty-one strains of aerobic, yellow-pigmented micrococci were investigated, all from the Czechoslovak Collection of Microorganisms, Brno (Table 1) . A number of strains originally identified as nonpigmented strains of M. luteus were initially included among the strains studied. However, a detailed examination of these organisms (including deoxyribonucleic acid [DNA] base composition and type of peptidoglycan in the cell wall) showed that they were coagulase-negative staphylococci. Nonpigmented strains of M. luteus are rarely encountered.
Media and methods. The strains were maintained on nutrient agar at 4 C. For morphological, cultural, and biochemical studies, an incubation temperature of 30 C was used.
The methods used were described previously (19, 20, 21) .
RESULTS

Morphology.
All of the strains studied were gram-positive cocci measuring 0.9 t o 1.8 pm in diameter and arranged in tetrads and in irregular clumps of tetrads. Strains CCM 248, 337, 1674, and 2494 formed packets and irregular clusters of packets. These strains also produced the largest cells (1.5 to 1.8 p m ) of all of those studied. None of the strains was motile or produced spores.
Cultural characteristics. Colonies of all of the strains were circular, convex, and smooth, with either a glistening or a dull surface. Tetrad-and packet-forming strains produced matted colonies. All of the strains formed a yellow or greenish-yellow , water-insoluble pigment on most solid media tested. Five strains (CCM 247, 622, 851, 852, and 853) produced also a yellow, water-insoluble pigment and a violet, water-soluble pigment when grown on yeastglucose agar. Strain CCM 2506 produced a brown extracellular pigment on nutrient agar. In nutrient broth all strains produced a slight turbidity and sediment.
Biochemical characteristics. The biochemical characteristics of the 30 strains regarded here as belonging to M. lutezis are given in Table 2 . The 30 strains formed a homogeneous group with an average of 72.4% guanine plus cytosine (GC) in the DNA. All of the strains hydrolyzed gelatin, were sensitive t o lysozyme, and failed t o attack carbohydrates or reduce nitrates. As mentioned below, one of the strains (CCM 8 10) included in this study does not appear t o be related t o the other strains studied and has therefore not been included in Table 2 . The results of some of the other biochemical tests were the same for all of the strains ( Table  2 ) . Only seven tests varied from strain t o strain, and of these the most variable were urease production and starch hydrolysis.
DISCUSSION
The strains used in this study were previously identified as belonging t o various species of three different genera (see Table l ), but we propose t o consider all of them (except CCM 810, see below) as belonging t o the species M. luteus. This proposal is in agreement with the views of other authors ( 3 , 4 , 13, 30) .
In the absence of type strains, authentic strains (i.e., strains of the authors who origi- Starch hydrolysis Growth in 10% NaCl a All strains studied had positive catalase and benzidine tests, hydrolyzed gelatin, produced a yellow, water-insoluble pigment, and grew on solid media with 7.5% NaCl and at 37 C. None of the strains studied produced free or bound coagulase, produced acid from glucose, mannitol, lactose, maltose, sucrose or fructose (aerobically or anaerobically), produced acetoin, phosphatase, or hemolysis, reduced nitrate, split arginine, grew on solid media with 15% NaCl or on Simmons citrate agar, or gave a positive egg-yolk reaction. Reaction: +, positive; 0 , weak; -, negative.
Data by Rosypalovi et al. (27, 28) .
' Data by Silvestri and Hill (33) . The remaining data on the GC contents are by Boh6Eek et al. (5-7) .
nally named the species) of Sarcina pelagia ZoBell and Upham 1944, Micrococcus sodonensis Aaronson 1955 , and Sarcina exigua Miiller 196 1 were included in the set of strains studied. These strains and the original descriptions (which serve as the nomenclatural types in the absence of type strains) of the species in which these strains initially were placed agree with the characteristics of M. luteus. Therefore we regard the above-mentioned names as subjective synonyms of M. luteus.
In addition, a comparison of the original descriptions of the species Micrococcus flavus Trevisan 1889, Staphylococcus flavocyaneus Knaysi 1942 , and Micrococcus polychromus Makarova 1949 show that they too are in accordance with the amended description of M. luteus given below. Therefore these names are also regarded here as subjective synonyms of M. luteus.
The characteristics of the 30 strains were compared with those of Micrococcus luteus ATCC 398 (= CCM 810), previously suggested (8) as the neotype strain for this species. This strain differs from the 30 strains studied in the following respects. (i) It has a lower GC content (65%) of the DNA (2, 27); (ii) it has a different menaquinone pattern (16) ; (iii) it does not produce prototrophic transformants when crossed with M. luteus strain ATCC 27 14 1 (1 7); and (iv) its peptidoglycan of the L-LYSGly-~-Glu type is different from that of Because these three names are all based on the same type, they are objective synonyms, and the specific epithet luteus (1872) has priority over both lysodeikticus (1922) and aftermentans (1 95 1).
Since the original description of M. Zuteus is not sufficient in terms of present knowledge, we suggest that it be amended as follows: Nonsporeforming. Gram-positive. The cell wall peptidoglycan is of the L-Lys-peptide subunit type (29, 30 ; Kandler, personal communication).
Agar colonies: Circular, entire, convex, smooth and glistening or matted and granular. A yellow or yellowish green, water-insoluble pigment is produced. Occasional strains may produce a violet or brown, water-soluble pigment in addition to a yellow, water-insoluble pigment.
Agar slant: Good growth with a yellow or yellowish green, w ater-in soluble pigment .
Nutrient broth: Slight turbidity and sediment are formed.
Chem oorganotrophic: Metabolism is respiratory.
Acid and gas not produced from glucose or other carbohydrates in standard medium (method of Subcommittee [36] ).
Catalase is produced (100% The cell wall peptidoglycan is of the L-lysine-peptide subunit type (30) .
Agar colonies: Circular, entire, convex, smooth, and glistening. A yellow, water-insoluble pigment is produced.
Chemoorganotroph: Metabolism is respiratory .
Strictly aerobic. Good growth between 22 and 37 C. The biochemical characteristics and the GC composition of the DNA of this strain are given in Table 2. other animals.
(2, 5-7, 27, 28).
Phage host. Antibiotic su s ce p t ib il i t y : susceptible t o pen icillin, streptomycin, chloramphenicol, tetracycline, erythromycin, and lysozyme.
M. luteus can be distinguished from another yellow-pigmented micrococcus, M. varians, by the production of acid from glucose aerobically and the reduction of nitrate. Both tests are negative with M. luteus and positive with M. varians. The differentiation of M. luteus from other Micrococcus species was discussed previously (2 1).
